It has been reported by several groups of workers that mitochondrial aspartate aminotransferases (EC 2.6.1.1) are more closely related immunologically than are the corresponding cytosolic isoenzymes (Sonderegger & Christen, 1978; Teranishi et al., 1978; Porter et al., 1981) . This has been interpreted (Sonderegger & Christen, 1978) as showing a slower rate of evolution of the mitochondrial than of the cytosolic isoenzyme, possibly connected with the necessity to translocate the former from its site of synthesis in the cytosol into the mitochondria. Recently (Doonan et al., 1981) the idea of a slower rate of evolution of the mitochondrial isoenzyme has been questioned on the basis of statistical comparisons of amino acid compositions of aspartate aminotransferases from a variety of sources: these comparisons suggest a very similar rate of evolution of the two isoenzymes. These apparently conflicting conclusions can be reconciled if it is assumed that limited regions of the mitochondrial isoenzyme have been particularly highly conserved during evolution and that some at least of these regions are antigenic. The results reported here give support to this hypothesis.
No work has been reported to date on determination of antigenic determinants of aspartate aminotransferases. However, Hopp & Woods (1981) have published a method for prediction of protein antigenic determinants from amino acid sequences. The method involves assigning hydrophilicity values to each amino acid and then repetitively averaging these for groups of six residues down the polypeptide chain. Hopp & Woods (198 1) claim that the highest average value obtained invariably lies within or immediately adjacent to one of the antigenic sites for proteins of known antigenic structure. Secondary maxima sometimes, but not always, correctly predict the locations of other antigenic sites. We have applied this method to the known amino acid sequences of cytosolic aspartate aminotransferases from pig heart (Barra et al., 1980) , chicken heart (Shlyapnikov et al., 1979) and horse heart (incomplete sequence; D. Barra & F. Bossa, unpublished work), and of the mitochondrial isoenzymes from pig heart (Barra et al., 1980) , rat liver (Huynh et al., 1980) , turkey liver (Barra el al., 1979) and horse heart (incomplete sequence: D. Barra & F. Bossa, unpublished work). A program for performing the analysis was written in BASIC and run on a Cromenco System 2 computer. Results were displayed as histograms of hydrophilicity value against position in the sequence of the centre of each group of six residues.
Peaks of high hydrophilicity were evident in the histograms for both isoenzymes. The highest value for the cytosolic forms was at positions 27.5, 28.5 and 29.5; that is, three adjacent sets of amino acids gave identical values. The sequences of the eight amino acid residues included in these sets is given in Table 1 (we do not have sequence results for this region of the isoenzyme from horse heart). The highest value for the mitochondrial isoenzymes was found at position 43.5; again sequence results are given in Table 1 . It is immediately apparent that whereas the sequences of the putative antigenic site are identical in all mitochondrial isoenzymes for which we have information. the sequences of the site in the two cytosolic forms differ in two out of six residues no matter how the six continuous residues are chosen.
Predictions of antigenic sites from second and third highest points are much less reliable, giving correct assignments in 43% and 50% of the cases examined by Hopp & Woods (1981) . It is, however, noteworthy that both the second and third highest hydrophilicity values for the mitochondrial isoenzymes were found for groups of six residues that have been completely conserved between the various species. With the Table 1 . Amino acid sequences of regions of aspartate aminotransferase isoenzyrnes with greatest average hydrophilicity Subscripts and denote cytosolic and mitochondrial respectively. The numbering system used for all isoenzymes is that of the cytosolic form from pig heart (Barra et al., 1980) . References for sequence data are given in the text. 
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Pig, krg-Asp-Asp-Asn-Gly -Ly s 597th MEETING, LONDON cytosolic forms, the second and third highest points were in sequences that varied in two and three residues respectively from one species to another. Hence it seems that, insofar as the predictive method used accurately locates antigenic sites in these proteins, the higher degree of immunochemical relatedness of mitochondria1 aspartate aminotransferases may be due to local regions of highly conserved structure rather than to a slower overall rate of evolution compared with the cytosolic isoenzymes. Mammalian creatine kinases are known to occur as four isoenzymes; one is the mitochondria1 type, the others are cytoplasmic (MM, MB and BB), being characteristic of skeletal muscle, heart and brain respectively. There have been several reports indicating heterogeneity of the MM species, both by isoelectric focusing and by non-denaturing electrophoresis (Wevers et al., 1977a (Wevers et al., ,b, 1978 Madelian & Warren, 1977; Cattan et al., 1978; Doherty et al., 1980; Rosenberg et al., 1981) . Either two or three closely spaced bands are usually found.
We have also shown (Williamson et al., 1977) that, both before and after purification, rabbit MM creatine kinase runs as two bands of apparent subunit mol.wt. 42 100 and 40300 on SDS/polyacrylamide gels. We have observed the same phenomenon with human creatine kinase after purification. Mixtures of the enzymes from the two species co-migrate on these gels. A selection of 20 different purified proteins showed no heterogeneity on this system. Samples of the native enzymes ( 1 mg/ml) were incubated with mercaptoethanol (0.5 mM) and urea (8 M) in 25 mM-Bicine [ NN-bis-(2-hydroxyethyl)glycinel buffer adjusted to pH 8.0 with NaOH; iodoacetamide ( 2 m~ final concn.) was than added and, after 15min at 25OC, the reaction was terminated by the addition of dithiothreitol (3 mM final concn.). Isoelectric focusing performed under the conditions used by Cattan et al. (1978) .
except that the gel contained urea (SM), showed a single band. Urea was removed from another sample of the reduced and alkylated enzyme by dialysis overnight at 4OC against Bicine buffer. SDS/polyacrylamide-gel electrophoresis showed a single band. Samples of the untreated native enzyme were also run in the SDS/polyacrylamide-gel-electrophoresis system as usual, except that the electrode buffers as well as the gel buffers contained cysteine ( 5 m~) freshly made up. With this modification, only a single band was observed, although sometimes a fainter second band, which migrated slightly further, could be detected. Rabbit creatine kinase (100mg) was subjected to preparative isoelectric focusing in a slurry (l00ml) of Sephadex G-75 (Superfine grade) containing 5 ml of Ampholine (pH range 5-8) at 4OC by the method of Radola (1975) . After prefocusing for 2h, the enzyme was layered on at the alkaline end and focusing * Abbreviation: SDS, sodium dodecyl sulphate.
at 400 V was continued for 16 h. Protein bands were detected by blotting the gel with filter paper and staining it for protein exactly as for polyacrylamide gels. The gel corresponding to each of the three main bands of protein was removed and the protein eluted by placing it in a column and eluting with buffer (50m~-boric acid, adjusted to pH9.0 with NaOH); the eluate was passed through a further column (Sephadex G-75, 25 ml) to remove Ampholines. The enzyme specific activity of the protein from each of the three bands was found to be in the range 0.14-0.16 pmol/min per ,ug of protein according to the pH-stat assay as used by Milner-White & Kelly (1976); this value is similar to that of the enzyme before focusing. Analytical isoelectric focusing by the method of Cattan et al. (1978) of the three samples gave exactly the same three-band pattern that was found with the native enzyme. SDS/polyacrylamide-gel electrophoresis of the three samples gave the same two-band pattern that was found with the native enzyme.
It may be concluded that the two types of heterogeneity observed under denaturing and non-denaturing conditions are not found with the fully reduced and alkylated enzymes. It appears that an unusually rapid chemical oxidation effect is involved in generating the heterogeneity that is observed in each case. The standard SDS/polyacrylamide-gel-electrophoresis procedure involves a stage where the protein is boiled with mercaptoethanol (and SDS) before it is added to the top of the gel. However, during electrophoresis, the applied voltage is expected to cause the small thiol-reducing agents to migrate fairly rapidly towards the anode, leaving the protein susceptible to oxidation by dissolved molecular oxygen.
